ABSTRACT
Background Childhood poverty is associated with poorer food consumption but longitudinal data are limited. The objective was to assess if food consumption differs depending on age (6, 7, 10 and 12 years) and pattern of poverty. Methods Participants were from the 1998-2010 'Quebec Longitudinal Study of Child Development' birth cohort. Poverty was defined as income below the lowincome thresholds established by Statistics Canada which adjusts for household size and geographic region. Multiple imputation was used for missing data, and latent class growth analysis identified poverty trajectories. Multivariable ordinal logistic regression assessed the association between poverty and greater consumption of milk, cheese, fruits, vegetables, sweets and sugar-sweetened beverages (SSB). Results Four poverty trajectories were identified: 1 reference category (stable non-poor) and 3 higher-risk categories (stable poor, increasing and decreasing risk). The probability of more frequent consumption was lower among children from stable poor households compared to children from stable non-poor households for fruit (6, 10 and 12 years), milk and vegetables (6, 7, 10 and 12 years) but was higher for SSB (10 and 12 years). Among children from increasing and decreasing poverty households compared to stable non-poor households, the probability of greater consumption of fruits and vegetables was lower and greater consumption of SSB was higher by the age of 12 years. Conclusions While experiencing continual exposure to poverty has detrimental effects on food consumption throughout childhood, the association for milk, fruits and vegetables does not differ across age. Intermittent exposure to poverty may also have long-lasting effects.
BACKGROUND
Although the health benefits of a balanced diet are well established, the majority of children fail to meet recommendations of daily servings of the major food groups. [1] [2] [3] [4] Lower socioeconomic status (SES), most commonly defined as limited parental education, unemployment, or low household income, has been associated with poorer diet quality in cross-sectional studies among children. 5 6 The association between SES and diet quality is weaker in early adolescence, compared with later, suggesting the association differs based on the age of the subjects, 7 and also differs depending on how SES is measured, with household income less consistently associated and the least well studied. 7 8 Existing longitudinal studies are limited and have primarily focused on diet during adolescence, [9] [10] [11] and the longitudinal association between household income and diet quality in preadolescence is unclear. However, because diet patterns in adolescence are already established, 10 and shape adult diet quality and nutrition, 12 13 improving our understanding of the predictors of diet quality in childhood is an important public health objective. Thus, the aim of this study was to assess the longitudinal association between income and nutritional behaviours from birth through childhood; more specifically, how the association may differ across childhood and early adolescence in a birth cohort of children from Québec.
METHODS
The Québec Longitudinal Study of Child Development (QLSCD) is a birth cohort representative of singleton births in Québec in 1998. Full details of the sampling strategy and study protocol have been previously described and are briefly mentioned here.
14 Children were identified from the Québec birth registry, and were excluded if they were born with special needs, were living in aboriginal territories, were of unknown gestational age, or were born before 24 weeks or after 42 weeks. From the remaining target population, study participants were randomly sampled using a multistage cluster sampling design (n=2120). 14 
Data collection
When the children were approximately 5, 17, 29 and 41 months, and then at 5, 6, 7, 8, 10 and 12 years of age, data collection was conducted in the participant's home. The person most knowledgeable about the child (>95% was the mother) completed self-administered questionnaires and was interviewed by trained staff. The study was approved by the ethics committees of the Direction Santé Québec of the Institut de la statistique du Québec, the Faculty of Medicine of the Université de Montréal, and Ste-Justine's Hospital. Parents signed informed consent, and children provided verbal assent. 14 
Predictor: household income
Parental report of the previous year's annual income before taxes and deductions were collected at each data collection cycle. Low household income was defined as household income below the Low-Income Cut-Off (LICO) thresholds created by Statistics Canada which adjusts for household size and geographic region. These 10 repeated measures of income were then converted into grouplevel trajectories, as described below.
Outcome: nutrition behaviours
Parents reported their child's consumption of dairy, fruits and vegetables in the past week in a food screener when the children were 17, 29 and 41 months old, and 5, 6, 7, 10 and 12 years of age. Sugar-sweetened beverages (SSB) consumption was only assessed when the children were of ages 10 and 12 years. Response options included whether the child consumed the food 'never', '1-2/week', '3-4/week', '5-6/week', '1/day', '2/day', '3/day' or '4+/day'. Although the food screener did not quantify serving size, their use for detecting associations across groups has been shown to be as reliable as a food frequency questionnaire (FFQ) 15 and the implications of this assumption are outlined in our discussion section.
Covariates
Covariates in the multivariable analyses included demographic (such as age, sex), household (such as whether at least one parent had at least a high-school education at study enrolment, and whether the mother was an immigrant), and health characteristics (such as whether the child was overweight or obese) that have previously been shown to be associated with either poverty or nutritional behaviours. 16 17 At each data collection wave, children's height and weight were measured in duplicate by trained study staff using a standard measuring tape to the nearest 0.1 cm, and a calibrated spring scale to the nearest 0.1 kg, respectively. Children wore light indoor clothing with no shoes. If the measurements differed by more than 0.5 cm (height) or 0.2 kg (weight), a third measurement was taken. The average of the two closest measurements was used. Children were identified as overweight or obese based on the Centers for Disease Control and Prevention Body Mass Index growth curves, 18 which are adjusted for age and sex. Sensitivity analyses excluding weight status from the multivariable models yielded similar results.
Data analysis
All analyses were performed with SAS V9.2. Several analytic techniques were implemented to fully use the data. Income trajectories were created using latent class growth analysis (LCGA) using the binary classifications of adequate income and poverty as described previously. 19 20 By contrast with methods used to develop individual trajectories, LCGA groups similar observations into group-level trajectories, 19 20 and can be particularly informative of longitudinal data in which individual trajectories are varied and the average of all trajectories is inadequate in describing the data. In order to identify the best model fit, models with 3-5 trajectories and ranging in linear, quadratic and cubic relationships between income and age were tested. The best model fit was identified based on the lowest BIC from the model fit statistics and ease of interpretation. 21 In order to fully capture the variation in nutritional behaviours, the association between income trajectories and greater consumption of milk, cheese, fruits and vegetables at ages 6, 7, 10 and 12 years was assessed in a multivariable ordinal logistic regression. Compared with binary cut-offs of ordinal responses, this analytic method maintains more information and variation of the original data. Multiple intercepts reflect different outcome levels, while the relationship between a predictor and the ordinal outcome is represented by a single coefficient. Thus, the model assumes that the coefficients between any specific levels of the ordinal outcome are the same and is an important assumption to test for validity of study results. In this study, because there were 7-8 response options for the nutritional behaviours, the proportional odds assumption was frequently violated. Thus, nutritional behaviours were analysed in ordinal logistic regression as: 0, 1-4/week, 5-7/week, and 2±/day (milk, cheese, fruits, vegetables) or 0, 1-4/week, 5-6/week, and 1 ±/day (sweets, soda).
In a longitudinal study design, missing data are inevitable, and imputation of the missing values produces estimates that are less biased than those produced using the last observation carried forward, or only complete cases. 22 An unbounded Markov Chain Monte Carlo method of imputation was conducted as used in the literature for longitudinal nutritional data. [22] [23] [24] Variables in addition to covariates included the number of hours the child watches TV in an average week at age 10 years, number of days a child is physically active for at least 15 min at a time at age 10 years, whether the child was in puberty at age 10 years, age of the child at each data collection period, as well as the following maternal or household characteristics: whether the household was a single-parent household at study enrolment as well as when the child was 41 months old, 5, 6, 7, 10 or 12 years of age, mother's age at study enrolment, whether the mother was overweight or obese when the child was 10 years of age, and whether the mother was employed at study enrolment. These additional variables were not confounders in the multivariable analysis but were helpful for multiple imputation model fit and convergence. Because Dubois et al had previously reported the association between household income and nutrition in this cohort when the children were 4 years of age, 16 the parental report of the child's nutritional behaviours before the age of 6 years was included in the imputation model but not analysed in multivariable models. Model convergence was met, and there were no systematic trends noted in the autocorrelation and time-series plots. Individualised thresholds were used to round categorical variables as recommended in the literature. 25 Fifty datasets were imputed, and model parameters and SEs were adjusted for imputation and combined. 26 The proportion of data that were imputed ranged from <2% to 50% and depended on the measure of interest (see online supplementary appendix A). The results after multiple imputation were consistent in direction with the non-imputed data.
RESULTS
The final sample after multiple imputation was comprised of slightly more boys (53%) than girls. The income trajectories and nutrition characteristics are presented in table 1. Compared with the imputed datasets, a lower proportion of the completecase dataset was poor at baseline (16.9% vs 24.9%), immigrants (5.3% vs 11.9%) or from single-parent households (3.8% vs 8.1%) (data not shown). The classification of nutritional behaviours, as described in Methods, met the proportional odds assumption ( p>0.05, data not shown) on average, across the imputed datasets.
Income trajectories
Based on the BIC fit statistics, a linear model consisting of four trajectories was selected. These trajectories included: consistently above the LICO threshold, consistently below the threshold, and increasing, or decreasing exposure to being below the threshold. For example, the increasing exposure trajectory was comprised of children with recent exposure to poverty, whereas the decreasing exposure was comprised of children with early but not recent exposure, and the group consistently below the LICO trajectory was comprised of children with persistent exposure to poverty since birth. The trajectories from birth to age 12 years are displayed (figure 1) and are similar to the trajectories from birth to age 6 years, birth to age 7 years, and birth to age 10 years. These trajectories are also very similar to those previously described in the complete-case participants of this cohort. 27 These trajectories were stable over time, with the majority of respondents in a consistently above the LICO threshold (∼70%) at all four ages, and the remaining distributed fairly evenly among the other three trajectories. For simplicity, and to be consistent with our previous work, these trajectories will be referred to as 'stable non-poor', 'stable poor', and 'increasing' or 'decreasing' risk for poverty. 28 
Association of income trajectories and consumption of dairy, fruits and vegetables
Compared with children from stable non-poor households, the relative odds of greater consumption of milk among children from stable-poor households was lower at all four ages (age 6 years adjusted OR (AOR)=0.55, 95% CI 0.4 to 0.7; age 7 years AOR: 0.55, 95% CI 0.4 to 0.8; age 10 years AOR: 0.51, 95% CI 0.4 to 0.7; age 12 years AOR: 0.55, 95% CI 0.4 to 0.8) (table 2). Greater consumption of fruits and vegetables among children from stable-poor households was also lower compared with children from stable non-poor households (fruits: age 6 years AOR: 0.63, 95% CI 0.5 to 0.8; age 7 years AOR: 0.73, 95% CI 0.5 to 1.0; age 10 years AOR: 0.57, 95% CI 0.4 to 0.8; and age 12 years AOR: 0.58, 95% CI 0.4 to 0.8; vegetables: age 6 years AOR: 0.58, 95% CI 0.4 to 0.8; age 7 years AOR: 0.56, 95% CI 0.4 to 0.8; age 10 years AOR: 0.46, 95% CI 0.3 to 0.6; and age 12 years AOR: 0.51, 95% CI 0.4 to 0.7). There were no consistent associations between income trajectories and consumption of cheese or sweets, but greater consumption of SSB was noted based on AOR of 2.49 (95% CI 1.6 to 3.9) and AOR of 2.17 (95% CI 1.5 to 3.2) at ages 10 and 12 years. Compared with children from stable non-poor households, the odds of greater consumption of vegetables among children from increasing risk for poverty were significantly lower by the time the children were 10 years of age: (age 10 years AOR: 0.60, 95% CI 0.4 to 0.9; and age 12 years AOR: 0.72, 95% CI 0.5 to 1.0). Compared with children from stable non-poor households, the odds of greater consumption of fruits and vegetables among children from decreasing risk for poverty were lower by the age of 12 years (AOR 0.66, 95% CI 0.5 to 0.9; and AOR 0.65, 95% CI 0.5 to 0.9, respectively). These children Figure 1 Trajectories of poverty from birth to 12 years of age using imputed data. Table 2 Adjusted Odds Ratios and 95% Confidence Intervals of greater consumption of nutritional characteristics at ages 6, 7, 10 and 12 years based on income trajectories from ordinal logistic regressions (n=2120, imputed missing data) 2)** *p value <0.05, ** p<0.01, *** p<0.0001. †Adjusted for age, sex, whether the participant was overweight or obese, whether the mother was an immigrant, and whether at least one parent had a high-school education or greater.
‡Ordinal logistic regression levels: 0, 1-4/week, 5-7/week, 2±/day. §Ordinal logistic regression levels: 0, 1-4/week, 5-6/week, 1±/day.
were also more likely to consume more SSB at ages 10 and 12 years (AOR 1.65, 95% CI 1.1 to 2.5; AOR: 1.89, 95% CI 1.3 to 2.8, respectively).
DISCUSSION
Results from this Québec birth cohort indicate that the likelihood of greater consumption (in particular, milk, fruits and vegetables) were generally lower in the children from stablepoor compared to children from stable non-poor households. The associations were similar for milk across all four ages, suggesting that while the association between poverty with nutrition is consistent, it is also persistent and does not change as children age. Fruit and vegetable consumption were more variable. Ten and 12-year-old participants from households at an increasing or decreasing risk for poverty were also less likely to consume more fruits and vegetables, suggesting the effects of poverty are long-lasting and are similar to a mobility life-course model of risk. 29 Results also indicate that there are differences between stable, 'increasing' and 'decreasing' risk of poverty, suggesting that grouping them together may overshadow important differences that should be further explored. Our results provide a possible explanation for the previously reported association between poverty and obesity in this cohort. 27 The study conclusions are consistent with the existing literature which is predominately cross-sectional. 5 6 9-11 This study has a substantially longer follow-up time compared to the limited number of other longitudinal studies. However, study results contrast with a prospective birth cohort study of German children. 30 The study by Sausenthaler et al showed significant disparities in fruit consumption at age 2 between children of low household income compared to higher household income, but no differences in dairy or vegetable intake. 30 The discrepancy in our studies may be explained, in part, by our different methods as well as cultural differences. The Sausenthaler et al, study compared relative levels of income using tertiles or quartiles of the data. 30 By contrast, the current study used government-defined LICO thresholds adjusted for household size and geographic region. LICO thresholds may better identify poor households but cannot identify the households on the margins of poverty. Study results complement a recently published study reporting that moving from the highest income to the lowest income was associated with poorer variety of fruit consumption among 5-year-old children in Scotland. 31 This study extends to middle childhood and early adolescence from Dubois et al's previous findings of the QLSCD children at 4 years of age, 16 which reported household income was significantly associated with fruit and vegetable consumption, but not with dairy consumption.
The results from this study should be interpreted in the context of the following limitations. Although the original study was a representative birth cohort of children in Québec, considerable loss to follow-up over the past 12 years resulted in the sample no longer being representative. Loss to follow-up was more likely to occur in lower income households, thus, multiple imputation was used in order to minimise the effect of the differential attrition. Nevertheless, despite the fact that multiple imputation has been found to produce estimates that are less biased than analyses which ignore missing data, uncertainty in estimates is still a concern. 25 Parental report of children's nutritional behaviours from a food screener was used, which is reportedly less reliable compared to 24 h dietary recalls. 32 In particular, food screeners cannot capture serving sizes and, reportedly, underestimate the intake of food. 15 While less than half of today's youth meet the daily dietary recommendations for major food groups, 1 this study was unable to assess the likelihood that children met these guidelines. However, the detected associations are reportedly unaffected. 15 Additionally, while parental report may have been less accurate than self-report, especially among the older children attending school, reproducibility and validity of selfreported FFQ and dietary recalls by children up to age 10 years are reportedly poor, 33 34 and parental reporting of grade-school children's nutrition have been shown to be accurate. 35 36 Nevertheless, additional longitudinal studies using 24 h dietary recalls are needed. Last, this study was unable to investigate the association with other food groups, such as grains and meat, or to adjust for total caloric intake, or metabolic equivalents, and this should be further investigated.
The literature indicates poorer access to healthier foods and the higher cost of healthier foods may help explain poorer diet quality among persons living in low SES. 37 38 Although nutrition has been found to sometimes improve with increasing age, poor dietary patterns during childhood can track into adolescence and adulthood, 12 13 and are particularly strong among adults persistently living in low SES since childhood. 39 This study detected an association between poverty and nutritional disparities at a young age. Further, this association did not change as children aged. Thus, although increasing milk, cheese, fruits and vegetable consumption is important for children of all ages, additional attention on improving intake, particularly in middle childhood and early adolescence among children living in poverty is needed.
What is already known on this subject
Childhood poverty is associated with poorer food consumption. Because diet patterns in childhood shape diet quality and nutrition during adolescence and adulthood, improving our understanding of the association between childhood poverty and food consumption is needed, but longitudinal data are limited.
What this study adds
While this study noted a persistent association between poverty and detrimental effects on food consumption, the association was also noted to be consistent, indicating that the association was detrimental at an early age and did not change over time.
